Introduction
Recent development of the high-Al containing Advanced High Strength Steels (AHSS) such as transformationinduced plasticity (TRIP) steels for the next generation steels placed great challenges to steelmaking and casting processes because AlN can be easily formed in liquid steel at such high aluminum content up to 2 mass%. 1, 2) Yin characterized the inclusions formed in as-cast high-Al TRIP steel slabs by the remelt button techinque. 2) He observed large crystalline AlN inclusions up to 10 μm as dominating inclusions in solidified steel samples. AlN is considered as a detrimental phase for the hot ductility of the steels. 3) In order to control the formation of AlN inclusions based on the supersaturation of [Al] and [N] in liquid steel during cooling and casting processes, it is essential to have accurate information on thermodynamics of aluminum, nitrogen and AlN formation over a wide range of melt composition and temperature. In the authors' recent study, 4) the thermodynamics of Fe-Al-N-AlN system was studied using the metal-gas and the metal-gas-nitride equilibration technique in the temperature range from 1 873 to 1 973 K. Later the similar studies were carried out for Fe-Al-Cr-N at 1 873-1 973 K 5) and Fe-Al-Si-N alloys at 1 823-1 923 K.
6) The accumulation of experimental data over a wide range of temperature allowed us to obtain more reliable data on the thermodynamics of Fe-Al-N-AlN system.
In the present study, the interaction parameters between aluminum and nitrogen, and the equilibrium constant for the formation of AlN in liquid iron were reassessed over the temperature range from 1 823 to 1 973 K by combining new experimental data for the Al-N-AlN relations in liquid iron at 1 823-1 873 K together with the authors' previous data. [4] [5] [6] 
Experimental
The metal-gas and metal-nitride-gas equilibration experiments were carried out to determine the thermodynamics of aluminum, nitrogen and AlN formation in Fe-Al-N melts. Detailed descriptions of the experimental apparatus and procedure are available in the authors' recent studies. [4] [5] [6] Five hundred grams of high purity electrolytic iron contained in an Al2O3 crucible was melted in the temperature range from 1 823 to 1 873 K by a high frequency induction furnace. After the melt temperature was reached at a desired value, Ar-10%H 2 gas was blown onto the melt surface at a high flow rate of ~5 000 ml/min for 2 h to deoxidize the iron melt. The oxygen content in the melt decreased to a value less than 20 mass ppm. Then, the gas was switched to a mixture of Ar-10 %H 2 and N 2 gases to have a desired nitrogen partial pressure. Strong agitation of the melt by an induction furnace resulted in a fast attainment of equilibrium nitrogen solubility in liquid iron under a nitrogen partial pressure within 1 h.
In case of aluminum addition experiments to measure the nitrogen solubility and the AlN solubility product in Fe-Al melts, pellets of aluminum (99.9 mass% purity) were added into liquid iron through a 18 mm ID quartz tube after confirming the equilibrium nitrogen solubility in pure liquid iron under a nitrogen partial pressure by the sampling and analysis. After each aluminum addition, new nitrogen solubility equilibrium was attained within 1 h. This was confirmed by samplings and in-situ analysis after the aluminum addition. A metal sample of about 10 g was extracted by a 4 mm ID quartz tube connected to a syringe (10 ml), and it was quenched rapidly in water within 2 s. The metal samples were carefully cut for the chemical analysis. In author's previous studies, [4] [5] [6] the detailed procedure for chemical analysis is available. Aluminum addition and sampling were repeated until a stable AlN layer was formed on the surface of the iron melt. The formation of AlN in the iron melt could be confirmed by a sharp decrease in nitrogen content checked by the analysis of metal samples during the experiment. Table 1 summarizes the present experimental results of nitrogen solubility measurement with aluminum additions in liquid iron. 2) where K1 is the equilibrium constant of Reaction (1), fN is the activity coefficient of nitrogen in the 1 mass% standard state in liquid iron. Therefore, fN can be rewritten as the following relation using the interaction parameters. where and are the first-order interaction parameters of aluminum and nitrogen on nitrogen, respectively, and the value of is known to be 0 in the present experimental temperature range. 
Results and Discussion

Effect of Aluminum on Nitrogen Solubility in Liquid Iron
AlN Formation in Liquid Iron
The solubility product of aluminum and nitrogen in liquid iron for AlN saturation can be determined as shown as solid symbols in Fig. 1 5) where K AlN is the equilibrium constant for Reaction (4) and, h Al and h N are the Henrian activities of aluminum and nitrogen relative to the 1 mass% standard state in liquid iron, and f Al and f N are the activity coefficients of aluminum and nitrogen, respectively. The AlN formed in the melt was identified as a pure solid stoichiometric AlN by the XRD analysis. 5, 6) Therefore, the activity of AlN is unity under the present experimental condition.
The equilibrium constant, K AlN for Reaction (4) Figure 3 shows the plot for the relation of Eq. (7) using the present experimental data for the AlN solubility product in liquid iron at 1 823, 1 848 and 1 873 K together with the previous data determined in the authors' recent studies. [4] [5] [6] It is apparent from the figure that the data points determined at different nitrogen partial pressures and temperatures show excellent linear relationships. Therefore, using the values of and determined in the preceding section, the values of and logK AlN in Eq. (7) can be simultaneously obtained from the relations shown in Fig. 3 . The value can be obtained as 0.043±0.0011 from the slope of the lines in the temperature range from 1 823 to 1 973 K. Temperature Figure 5 plots the calculated solubility product of AlN as solid lines using the relation of Eq. (7) and the thermodynamic parameters determined in the present study. They are in excellent agreement with the experimental data measured over wide ranges of aluminum content and melt temperature. Therefore, in the present study, the values of , , and logKAlN were accurately determined over the temperature range from 1 823 to 1 973 K by combining new experimental data for the Al-N-AlN relations in liquid iron together with the authors' previous data. [4] [5] [6] 
Conclusions
The values of Wagner's interaction parameters of , and and the equilibrium constant for the AlN formation reaction in liquid iron, logK AlN were determined over the temperature range from 1 823 to 1 973 K as follows: = 0.017 ± 0.0014 = 0.033 ± 0.0024 = 0.043 ± 0.0011 
